Pattern and Characteristics of Growth Faltering in Early Infancy in an Urban Sub-Saharan African Setting  by Olusanya, Bolajoko O. & Renner, James K.
Pediatrics and Neonatology (2013) 54, 119e127Available online at www.sciencedirect.com
journal homepage: http: / /www.pediatr -neonatol .comORIGINAL ARTICLE
Pattern and Characteristics of Growth Faltering in
Early Infancy in an Urban Sub-Saharan African
SettingBolajoko O. Olusanya a,*,y, James K. Renner baMaternal and Child Health Unit, Department of Community Health and Primary Care, College of Medicine,
University of Lagos, Lagos, Nigeria
bNutrition and Respiratory Unit, Department of Pediatrics, Lagos University Teaching Hospital, College of Medicine,
University of Lagos, Surulere, Lagos, Nigeria
Received Oct 6, 2011; received in revised form Jan 9, 2012; accepted Jun 18, 2012Key Words
developing country;
early detection;
growth faltering;
intrauterine growth
restriction;
postnatal check;
undernutrition* Corresponding author. Maternal a
University of Lagos, Lagos, Nigeria.
E-mail addresses: boolusanya@aol.
y Affiliation during study period: Ins
London, 30 Guilford Street, London W
1875-9572/$36 Copyright ª 2012, Taiw
http://dx.doi.org/10.1016/j.pedneo.2Objective: To determine the pattern of and factors associated with changes in nutritional
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Methods: A cohort study in Lagos, Nigeria, in which the nutritional status at birth was compared
with status at the first postnatal check-up routinely scheduled for 6e8 weeks based on the World
Health Organization’s multicenter growth reference and the Centers for Disease Control and
Prevention 2000 growth charts. Factors associatedwith improved, worsened or steady nutritional
status at follow-up based on z-scores for weight-for-age, length-for-age and weight-for-length
were determined with multinomial regression analysis.
Results: Themean length-for-age andweight-for-length based on the Centers for Disease Control
and Prevention for the 445 full-term singletons studied were higher than the correspondingWorld
Health Organization’s multicenter growth reference values at birth and at follow-up, while mean
weight-for-age was lower at birth but higher subsequently. Some 20.7% of infants were under-
nourished by at least one nutritional measure initially, which declined to 16.4% at follow-up. Also
8.1% of the infants remained undernourished, 8.3% became undernourished, and 5.6% became
well-nourished at follow-up. Low birthweight full-term infants were significantly likely to remain
undernourished (p< 0.001) or becomewell-nourished (p< 0.001) at follow-upwhile the offspring
of elderlymothers (pZ 0.024) or first-timemothers (pZ 0.036) had an elevated risk of remaining
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The first year of life is the period of greatest growth, and
failure to thrive in early infancy places affected infants at risk
of cognitive and motor deficits that undermine optimal
childhood development with life-time adverse con-
sequences.1e3 Emerging evidence has shown that faltering of
early growth based on the exclusively breast-fed reference
population occurs earlier4e8 than the 3 months previously
suggested by growth standards not derived from exclusively
breast-fed infants.9 However, the pattern and timing of
growth faltering are not necessarily identical across regions of
the world.8 For example, based on the regional classifications
of the World Health Organization’s (WHO), mean weight-for-
age (WAZ) in Sub-Saharan Africa shows marked and steady
faltering frombirth throughout thefirst year of life;whereas in
South Asia it falters in the first 2 months approximately and
briefly improves before faltering steadily as from 4 months
until 18 months.8 Similarly, while mean weight-for-height
(WHZ) in Sub-Saharan Africa starts above the reference stan-
dard, it drops steadily until 12 months of age.8 In contrast,
mean WHZ in South Asia improves slightly in the first 2 months
and drops thereafter until 6 months of age.8
Notwithstanding these potential variations, there is little
debate that early detection and effective postnatal inter-
vention for growth faltering must begin in early infancy to
achieve optimal outcomes with special attention paid to the
early markers of developmental delays/deficits as well aslong-term malnutrition.10e12 Despite the preponderance of
literature on undernutrition in early childhood, however, the
patterns of growth faltering in the first 3 months are rarely
reported in Asia and Africa.4e7,13e16 Available studies typi-
cally present the summary mean values for the study
cohort,14 or simply report the overall incidence/prevalence
of undernutrition at specific ages.4,5,7 They rarely provide
any indications as to the trajectory of growth of the indi-
vidual participants between time intervals in the first 3
months of life. As a result, it is often difficult to ascertain the
proportion of infants whose nutritional status improved,
worsened or remained unchanged between at least two time
intervals in early infancy, particularly between the time of
birth and a follow-up assessment in the first 3 months of life.
Such evidence is valuable, as early therapeutic intervention
can be prioritized for infants whose nutritional status
remained poor or worsened between specific intervals.
This study therefore set out to establish the pattern and
characteristics of nutritional changes in the first 3 months of
life based on the current World Health Organization’s Multi-
center Growth Reference (WHO-MGR) derived from an exclu-
sively breast-fed population. A secondary objective was to
compare the pattern of nutritional growth changes based on
the WHO-MGR with the Center for Disease Control and
Prevention (CDC) 2000 growth reference derived from
a predominantly formula-fed population.17
2. Methods
2.1. Study design and setting
This descriptive cohort study was conducted at the Lagos
Island Maternity Hospital, Lagos, Nigeria from May 2005 to
December 2006. Lagos Island Maternity Hospital is a tertiary
hospital located in an inner-city area with an estimated
population of 250,000. The hospital is owned and managed
by the state government as a public health institution. It is
the oldest maternity hospital in metropolitan Lagos,
providing specialist services to several private and public
hospitals within and outside its catchment area. While the
center receives a high proportion of emergency referrals
from the surrounding private hospitals and traditional
maternity homes, it also freely admits patients without
formal referrals as a public health policy by the state
government for that community.
2.2. Study population
Participants were drawn from a previously reported cohort
of infants enrolled for a maiden universal newborn hearing
screening program.18 All singleton survivors over the study
Table 1 Age of participants and mean z-scores at birth
and at follow-up.
Factors Birth Follow-up
Mean age (SD) days 1.39  1.84 45.72  6.83
Median age (IQR) days 1 (1e2) 45 (42e48)
2006 WHO-MGR
WAZ 0.341  1.098 0.250  1.122
HAZ 0.865  1.180 0.390  1.307
WHZ 0.350  1.343 0.200  1.249
2000 CDC
WAZ 0.637  0.937 0.085  1.091
HAZ 0.717  0.918 0.278  1.077
WHZ 0.384  1.124 0.127  1.198
CDC Z Center for Disease Control and Prevention;
HAZ Z length-for-age; IQR Z interquartile range;
SD Z standard deviation; WAZ Z mean weight-for-age; WHO-
MGR Z World Health Organization’s Multicenter Growth
Reference; WHZ Z weight-for-height.
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births (<37 completed weeks of gestation). Enrolment was
restricted to infants who returned for the routine postnatal
check at 6e8 weeks or for any other reason within the first
3 months of life. Ethical approval was obtained from the
Lagos State Health Management Board, Nigeria and
University College London, UK according to the guidelines
laid down in the Declaration of Helsinki. Informed consent
was obtained from all participating mothers in writing or by
thumb printing before enrolment.
2.3. Anthropometric measurements
Birth weight and gestational age data used in classifying
each infant were extracted from the hospital records. The
birth weight was cross-checked with the direct measure-
ment at enrolment to identify possible errors in the hospital
data based on the size of the variance. Gestational age was
based on the number of days between the first day of the last
menstrual period and date of delivery expressed in
completed weeks after last menstrual period. Additional
anthropometric measurements for each infant were ob-
tained by a trained research assistant at enrolment, usually
not earlier than 24 hours after birth, and were used to
compute the individual nutritional indices. Weight was
measured with a digital scale (10 g increments; TANITA Baby
Scale, Model 1583 by Tanita Corporation, Tokyo, Japan)
while length was measured supine using graduated poly-
urethane plastic mats (1 mm increments; Child Growth
Foundation, UK). Nutritional indices of interest were length-
for-age (HAZ), WAZ and WHZ expressed as z-scores. Each z-
score represents the difference between the weight/length
of a child and the median weight/length of a reference
population (for the same age and sex) divided by the stan-
dard deviation of the reference population. Length to height
conversion was not considered necessary for this study
cohort. A low z-score of below 2 was considered a signifi-
cant nutritional deficit. Thus, WAZ, HAZ and WHZ <2 were
termed as ‘underweight’, ‘stunting’ and ‘wasting,’ respec-
tively. A composite variable termed ‘any undernutrition’
was introduced in order to reflect the comorbidity of all the
three undernourished physical states.19,20 While any child
with a low WAZ, HAZ or WHZ was considered ‘undernour-
ished’ in this study, these undernourished physical states
can also be related to non-nutritional factors.
2.4. Independent variables
The characteristics of the study participants of interest
were maternal age, height, socioeconomic status indexed
by education and occupation, parity, antenatal care,
hypertensive conditions (including pre-eclampsia,
eclampsia and pregnancy induced hypertension), and HIV
status as well as infant factors, such as low birthweight
(<2500 g), hyperbilirubinemia, admission into a special
care baby unit (SCBU) at birth and mode of feeding.
Maternal height below 152.4 cm (5 ft) was classified as short
stature. SCBU admission is a useful surrogate for adverse
perinatal conditions that cannot be readily ascertained in
hospital settings with limited facilities for clinical/labora-
tory investigations.2.5. Statistical analysis
Statistical analysis was done with SPSS for Windows version
16.0 (SPSS Inc, Chicago, IL, USA). The software and macro
provided by WHO-MGR for SPSS was used to compute the
gender-specific z-scores for the nutritional indices.21 The
default settings in the software regarding cut-offs for out-of-
range or biologically-improbable values were used in data
analysis and all such values were recorded as missing data.
Nutritional status based on the 2000 CDC growth charts was
derived from the gender-specific z-scores obtained with Epi
Info software package version 3.5.1 (CDC, Atlanta, GA, USA).
Maternal and infant characteristics associated with signifi-
cant changes in WAZ, HAZ andWHZ by the first postnatal visit
based on the WHO-MGR were first explored by descriptive
analysis. Infants were categorized into those who remained
well-nourished or undernourished (termed ‘unchanged’),
becameundernourished (termed ‘worsened’) or ceased to be
undernourished (termed ‘improved’) at follow-up. There-
after, infants who were undernourished by at least one
measure at birth and remained undernourished or improved
at follow-up, as well as those who were initially not under-
nourished but became undernourished at follow-up, were
comparedwith thosewhowerewell-nourished at birth and at
follow-up. Factors associated with these four outcomes were
exploredwithmultinomial regression analysis after adjusting
for all factors in the model based on their biological plausi-
bility. This analysiswas limited to the growth outcomes based
on the WHO-MGR, as this was considered more appropriate
for our study population of predominantly breast-fed infants.
The WHO-MGR also makes allowance for initial weight loss
shortly after birth. The strength of association was estimated
by odds ratios (OR) and the corresponding 95% confidence
intervals. Significance level was set at 5% and only two-tailed
p-values were reported.3. Results
Of the 2067 full-term singletons enrolled over the study
period, 515 (24.9%) returned to the hospital for the routine
Figure 1 Trends in nutritional status at follow-up after birth.
Figure 2 Changes in nutritional status at follow-up after
birth.
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disorders, HIV, mode of delivery, low birthweight, hyper-
bilirubinemia and SCBU admission in a logistic regression
model, those who returned were significantly likely to be
first-time mothers (p Z 0.018), to have received antenatal
care (p < 0.001) and practiced exclusive breast feeding
(p < 0.001) (data not shown). However, there was no
statistically significant difference between the nutritional
status at birth for those who returned and those who did
not return across the three nutritional indices.
A total of 18 infants who returned after 3 months of life
were excluded, along with 52 infants who had incomplete
or biologically-implausible data. Of the remaining 445
infants with valid nutritional data and mean gestational
age 38.5  1.03 weeks, 224 (50.3%) were female.
Congenital defect was found in only one infant who was
also well-nourished at birth and at follow-up. Maternal
smoking or alcohol use was not reported in this group of
infants. Exclusive breast feeding was reported for 85.2% of
the infants, while exclusive bottle feeding and mixed
feeding was reported in 6.1% and 8.8%, respectively.
However, feeding practices at follow-up as well as protein
and energy intakes during the time interval were not
documented.
The median/mean age and mean z-scores at first enrol-
ment and at follow-up are presented in Table 1. The mean
HAZ and WHZ based on CDC measures were higher than the
corresponding WHO-MGR values at birth and at follow-up,
while the mean WAZ was reversed between birth and
follow-up. The proportion of infants who were underweight,
stunted and wasted was consistently lower at birth and at
follow-up based on CDC charts compared with theWHO-MGR
(Figure 1). The highest proportion of undernourished infants
as well as the biggest drop in undernutrition at follow-upwas
found in stunting based on both growth charts. The largest
improvement in nutritional status or sustained undernutri-
tion from birth to follow-up was recorded with stunting
(Figure 2). The highest proportion of infants who remained
well-nourished at follow-up was reported for WAZ and WHZ
based on CDC charts.
The four possible nutritional statuses based on the WHO-
MGR and the corresponding z-scores at follow-up are pre-
sented in Table 2. Some 5.7% of infants remained stunted or
became stunted at follow-up, while 10.8% who were stun-
ted at birth improved. The characteristics of the infants
based on the nutritional indices are presented in Table 3.
Infants of teenage mothers appear to be generally well-
nourished at birth and at follow-up with the exception of
one (14.3%) infant who remained stunted. Similarly, infants
whose mothers had no formal education were generally
well-nourished except that up to one-third became under-
weight at follow-up while about one-fifth also remained
stunted. Improvement in stunting is likely to be reported in
at least one-fifth of infants whose mothers either had
hypertensive disorders during pregnancy or were HIV posi-
tive. While about one-fifth of infants with low birthweight
were likely to remain underweight or stunted at follow-up,
approximately one-third or more were also likely to report
improvement in all three nutritional indices. A significant
proportion of infants with hyperbilirubinemia were also
likely to experience deterioration or improvement in their
nutritional status.A total of 92 (20.7%) infants were undernourished by at
least one nutritional measure at birth, which declined to
73 (16.4%) at follow-up. Also at follow-up, 36 (8.1%) of
infants remained undernourished, 37 (8.3%) became
undernourished and 56 (5.6%) became well-nourished.
There were no statistically significant gender differences
in outcomes. The factors associated with the changes in
nutritional status after multinomial regression analyses
are presented in Table 4. Infants with low birthweight
were reported with the highest odds of remaining
undernourished (OR: 42.83, p < 0.001) or of recording
improvement (OR: 36.5; p < 0.001) at follow-up. The
infants of elderly mothers (OR: 3.54; p Z 0.024) or first-
time mothers (OR: 2.70; p Z 0.036) had an elevated risk
of remaining undernourished by at least one measure at
follow-up. No maternal or infant factors were predictive
of infants who were previously well-nourished but
subsequently became undernourished. Maternal educa-
tion, antenatal care visits, HIV status and the infant’s
admission into SCBU at birth were not associated with
changes in any undernourished state, even at a statistical
significance level of p < 0.10.4. Discussion
This study has demonstrated that overall trends in growth
faltering based on two commonly-used growth charts are
Table 2 Mean z-scores at follow-up for the four nutritional groups based on the World Health Organization’s Multicenter
Growth Reference.
Nutritional
groups
WAZ
N Z 445
HAZ
N Z 442
WHZ
N Z 403
Still well-nourished 0.064  0.943 0.005  1.039 0.312  1.103
N (%) 400 (89.9) 344 (77.8) 371 (92.1)
Still under nourished 2.719  0.641 2.805  0.631 2.780  1.032
N (%) 10 (2.2) 25 (5.7) 2 (0.5)
Worsened 2.662  0.421 2.457  0.348 2.669  0.770
N (%) 18 (4.0) 25 (5.7) 14 (3.5)
Improved 0.638  0.971 0.844  1.091 0.138  0.830
N (%) 17 (3.8) 48 (10.8) 16 (4.0)
Data presented as mean  standard deviation.
Still well-nourished/undernourished Z well-nourished/undernourished at birth and at follow-up; worsened Z well-nourished at birth
but undernourished at follow-up; improved Z undernourished at birth but well-nourished at follow-up.
HAZ Z length-for-age; WAZ Z mean weight-for-age; WHZ Z weight-for-height.
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the nutritional status of some infants as they may not
necessarily accord with the direction of change indicated
by the aggregate measures. For example, while infants
classified as underweight based on the WHO-MGR showed
a marginal increase in prevalence from 6.1% to 6.3%, about
4.0% of the infants became underweight at follow-up while
3.8% improved (i.e. were no longer underweight). Similarly,
while the prevalence of stunting dropped significantly from
16.4% to 11.2%, 5.7% of the infants remained stunted or
became stunted at follow-up. In addition, the rate of
wasting dropped marginally from 4.4% to 4.1%, whereas
3.5% of the infants became wasted at follow-up. Thus, the
summary nutritional status for any cohort of infants at any
date interval is likely to consist of a heterogeneous group of
infants who improve, worsen or remain undernourished and
is underpinned by a constellation of biological, health,
socioeconomic and environmental factors that merit closer
examination. This finding contradicts a recent report by
Rehman et al that examined monthly transitions in growth
from 1 to 36 months and suggested that children with
normal growth were highly likely to have normal growth in
the next month, while those with growth faltering were
highly likely to have growth faltering the following month.4
The three nutritional measures of WAZ, HAZ and WHZ
reflect distinct biological processes that are more
commonly reported in studies on growth monitoring
worldwide. Underweight is usually viewed as a composite
measure of acute undernutrition (wasting) and chronic
undernutrition (stunting), although it cannot distinguish
between the two indices.22 However, underweight is
a product of stunting and wasting rather than the sum and is
likely to miss some children who are stunted or wasted.20
Furthermore, because of the potential overlap among the
three indices, the use of a composite measure of anthro-
pometric failure reflecting ‘any undernourished physical
state’ has been proposed,19,20 and it has been used in this
study to explore the factors associated with changes in
nutritional status.
The risk factors for undernutrition have been reported in
a number of studies from Africa and South Asia,4e7,13e16 butonly one study so far has specifically focused on the first 3
months of life.6 Factors associated with improved nutri-
tional status could guide therapeutic interventions for
those who were observed to have ‘worsened’ or who
remained undernourished between specific time intervals.
However, to the authors’ knowledge, no study has exam-
ined changes in nutritional status and the associated
factors throughout childhood. Rather, the longitudinal
studies available have only examined factors associated
with undernutrition at a specific endpoint. It was therefore
not possible to compare the findings in this study with any
other report on child undernutrition or growth faltering. In
our study, barring the limited sample size that resulted in
wide confidence intervals, low birthweight in our full-term
cohort was not only a major contributor to the changes in
all three nutritional measures separately; it was signifi-
cantly associated with improvement or the lack of it in any
undernourished state. This finding is not unexpected, as it
essentially reflects the well-known impact of intrauterine
growth restriction (IUGR) or fetal malnutrition on under-
nutrition,4,7,15,23 consistent with an earlier finding in this
population.24 Our study suggests that IUGR infants are more
likely to experience rapid catch-up growth than
appropriately-sized infants and are also more likely to
experience persistent undernutrition in early infancy.
Although the impact of exclusive breastfeeding on growth
in the first 6 months of life has been a subject of debate,25
we postulate that differences in feeding practices among
IUGR infants are likely to explain why some would improve
and others remain undernourished in this population.14,26
This is consistent with studies in the developed world that
have associated low birthweight, feeding difficulties and
illness with growth faltering in the first 3 months of
life.11,27,28 The reasons why the offspring of older or first-
time mothers remain undernourished are unclear, consid-
ering that we had adjusted for antenatal care. For
example, bottle or mixed (breast plus artificial milk)
feeding was least (11.1%) reported among older mothers
compared with younger mothers (15.7%) who were not
teenagers. Moreover, a higher proportion (17.1%) of
primiparous mothers reported non-exclusive breastfeeding
Table 3 Maternal and infant characteristics associated with early growth changes in full-term singletons at follow-up based on the World Health Organization’s Multicenter
Growth Reference.
Factors Total Underweight Total Stunting Total Wasting
WAZ
n Z 445
Unchanged
n Z 10
Worse
n Z 18
Better
n Z 17
HAZ
n Z 442
Unchanged
n Z 25
Worse
n Z 25
Better
n Z 48
WHZ
n Z 403
Unchanged
n Z 2
Worse
n Z 14
Better
n Z 16
Maternal
Age (years)
<20 7 0 (0.0) 0 (0.0) 0 (0.0) 7 1 (14.3) 0 (0.0) 1 (14.3) 6 0 (0.0) 0 (0.0) 0 (0.0)
20e35 376 7 (1.9) 15 (4.0) 15 (4.0) 373 16 (4.3) 21 (5.6) 41 (11.0) 342 2 (0.6) 12 (3.5) 13 (3.8)
>35 60 2 (3.3) 3 (5.0) 1 (1.7) 60 7 (11.7) 4 (6.7) 5 (8.3) 54 0 (0.0) 1 (1.9) 3 (5.6)
Short stature (<152.4 cm)
No 413 9 (2.2) 17 (4.1) 15 (3.6) 410 22 (5.4) 23 (5.6) 43 (10.5) 376 2 (0.5) 12 (3.2) 16 (4.3)
Yes 25 1 (4.0) 1 (4.0) 1 (4.0) 25 3 (12.0) 2 (8.0) 3 (12.0) 21 0 (0.0) 2 (9.5) 0 (0.0)
Education
None 6 0 (0.0) 2 (33.3) 0 (0.0) 5 1 (20.0) 0 (0.0) 0 (0.0) 4 0 (0.0) 0 (0.0) 0 (0.0)
Primary/secondary 241 8 (3.3) 12 (5.0) 7 (2.9) 241 17 (7.1) 16 (6.6) 23 (9.5) 219 2 (0.9) 7 (3.2) 6 (2.7)
Tertiary 198 2 (1.0) 4 (2.0) 10 (5.1) 196 7 (3.6) 9 (4.6) 25 (12.8) 180 0 (0.0) 7 (3.9) 10 (5.6)
Occupation
None 95 1 (1.1) 3 (3.2) 5 (5.3) 93 2 (2.2) 4 (4.3) 13 (14.0) 86 0 (0.0) 4 (4.7) 7 (8.1)
Small-scale trade 199 9 (4.5) 12 (6.0) 4 (2.0) 199 19 (9.5) 11 (5.5) 18 (9.0) 179 1 (0.6) 6 (3.4) 4 (2.2)
Full-time job 151 0 (0.0) 3 (2.0) 8 (5.3) 150 4 (2.7) 10 (6.7) 17 (11.3) 138 1 (0.7) 4 (2.9) 5 (3.6)
Parity
Primiparous 258 7 (2.7) 11 (4.3) 12 (4.7) 256 15 (5.9) 16 (6.2) 28 (10.9) 234 2 (0.9) 10 (4.3) 12 (5.1)
Multiparous 187 3 (1.6) 7 (3.7) 5 (2.7) 186 10 (5.4) 9 (4.8) 20 (10.8) 169 0 (0.0) 4 (2.4) 4 (2.4)
Antenatal care
One or more visits 371 6 (1.6) 15 (4.0) 15 (4.0) 368 18 (4.9) 22 (6.0) 42 (11.4) 335 2 (0.6) 11 (3.3) 16 (4.8)
None 74 4 (5.4) 3 (4.1) 2 (2.7) 74 7 (9.5) 3 (4.1) 6 (8.1) 68 0 (0.0) 3 (4.4) 0 (0.0)
Hypertensive disorders
No 434 9 (2.1) 18 (4.1) 16 (3.7) 431 24 (5.6) 24 (5.6) 45 (10.4) 395 1 (0.3) 14 (3.5) 15 (3.8)
Yes 11 1 (9.1) 0 (0.0) 1 (9.1) 11 1 (9.1) 1 (9.1) 3 (27.3) 8 1 (12.5) 0 (0.0) 1 (12.5)
HIV-positive
No 427 10 (2.3) 17 (4.0) 16 (3.7) 424 23 (5.4) 25 (5.4) 44 (10.4) 389 2 (0.5) 13 (3.3) 16 (4.1)
Yes 18 0 (0.0) 1 (5.6) 1 (5.6) 18 2 (11.1) 0 (0.0) 4 (22.2) 14 0 (0.0) 1 (7.1) 0 (0.0)
Infant
Birthweight
2500 g 406 1 (0.2) 17 (4.2) 0 (0.0) 403 16 (4.0) 21 (5.2) 33 (8.2) 380 2 (0.5) 13 (3.4) 9 (2.4)
<2500 g 39 9 (23.1) 1 (2.6) 17 (43.6) 39 9 (23.1) 4 (10.3) 15 (38.5) 23 0 (0.0) 1 (4.3) 7 (30.4)
Hyperbilirubinemia
No 439 9 (2.1) 16 (3.6) 17 (3.9) 436 24 (5.5) 24 (5.5) 46 (10.6) 398 2 (0.5) 13 (3.3) 16 (4.0)
Yes 6 1 (16.7) 2 (33.3) 0 (0.0) 6 1 (16.7) 1 (16.7) 2 (33.3) 5 0 (0.0) 1 (20.0) 0 (0.0)
Admission for special care
No 416 7 (1.7) 16 (3.8) 17 (4.1) 413 23 (5.6) 23 (5.6) 44 (10.7) 376 2 (0.5) 11 (2.9) 16 (4.3)
Yes 29 3 (10.3) 2 (6.9) 0 (0.0) 29 2 (6.9) 2 (6.9) 4 (13.8) 27 0 (0.0) 3 (11.1) 0 (0.0)
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Feeding mode
Exclusive breast 379 9 (2.4) 11 (2.9) 16 (4.2) 376 19 (5.1) 20 (5.3) 36 (9.6) 349 2 (0.6) 10 (2.9) 15 (4.3)
Non-exclusive breast 66 1 (1.5) 7 (10.6) 1 (1.5) 66 6 (9.1) 5 (7.6) 12 (18.2) 54 0 (0.0) 4 (7.4) 1 (1.9)
UnchangedZ undernourished at birth and at follow-up; worseZ well-nourished at birth but undernourished at follow-up; betterZ undernourished at birth but well-nourished at follow-up.
HAZZ length-for-age; WAZZmean weight-for-age; WHZZ weight-for-height. Figures in bracket are percentages of total in each row for each nutritional index.
Table 4 Factors associated with changes in any undernourished status at follow-up based on the World Health Organization’s Multicenter Growth Reference using multi-
nomial logistic regression analysis.
Factors Still undernourishedy
N Z 36
Worsenedy
N Z 37
Improvedy
N Z 56
AOR (95% CI) p-value AOR (95% CI) p-value AOR (95% CI) p-value
Maternal age > 35yrs* 3.54 (1.18e10.57) 0.024 d d
Small stature 3.82 (0.82e17.74) 0.087 3.10 (0.90e10.63) 0.072 d
Small-scale trade* 2.73 (0.86e8.63) 0.087 d d
Primiparity 2.70 (1.07e6.80) 0.036 d d
Hypertensive disorders d d 5.28 (0.94e29.57) 0.058
Low birth weight 42.83 (12.32e148.99) <0.001 d 36.50 (12.13e109.49) <0.001
Hyperbilirubinemia d 10.26 (0.77e137.21) 0.078 14.10 (0.66e303.19) 0.091
Non-exclusive breast feed d 2.33 (0.95e5.74) 0.065 d
Only factors with p < 0.10 are shown in the table.
* Compared to last category, as shown in Table 2.
y Compared with infants well-nourished at birth and at follow-up. AORZ adjusted odds ratio; CIZ confidence interval. Model adjusted
for all factors including maternal education, antenatal care, maternal HIV-status and infant hospitalization for special care.
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126 B.O. Olusanya, J.K. Rennercompared with 11.8% among experienced mothers,
although the difference was not statistically significant
(p Z 0.171). Further studies are warranted to establish
factors that account for the associations observed to guide
requisite intervention policies.
The lower rates of undernutrition based on CDC charts
compared with the WHO-MGR are consistent with existing
evidence in the literature,17,29 and these are usually attrib-
utable to the smaller sample size of infants below the age of 6
months as well as an over-representation of formula-fed
infants in the reference population used by the CDC. The
incidental findings in this study on the high proportion of
mothers who did not return for the first postnatal appoint-
ment, as well as the profile of mothers who were likely to
keep the appointment, are insightful as they are potential
sources of selection bias. It was not unlikely that a good
number of the defaultingmothers who had delivered in Lagos
IslandMaternity Hospital previously returned to their primary
care providers for a check-up as the hospital had limited
services for newborn care besides routine immunization.
A major strength of our study is its reproducibility in
other resource-poor settings. It also complements our
earlier work that explored predictors of weight velocity
among preterm and full-terms infant based on three math-
ematical methods, but is of limited clinical application.30 As
a hospital-based study, it is difficult to generalize our find-
ings to the entire population. Other limitations include the
fact that estimates of gestational age were based solely on
hospital records derived from parental accounts of last
menstrual period, which may be prone to errors. Maternal
nutritional status was not adequately captured beyond the
observed stature. In addition, there were no data on the
number of antenatal visits made by the mothers to deter-
mine the adequacy of antenatal care received. The preva-
lence of growth faltering would have been understated as
a result of the exclusion of infants whose faltering was
outside the cut-off value of a z-score <2. While the
subsequent status of the infants beyond the study period
cannot be ascertained, it makes intuitive sense to identify
and assist infants who exhibit a tendency towards persistent
nutritional deficits and those who become undernourished
anytime after birth. Evidently, prospective studies are
warranted to build on our unique approach to tracking the
growth trajectories in early infancy in resource-poor
settings to optimize the benefits of well-established thera-
peutic interventions for infants at risk of nutrition-related
developmental problems.
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